A wet chemical synthetic approach involving precipitation-peptization mechanisms was successfully adopted for developing LaPO4-ZrO2 nanocomposites with ZrO2 content varying in the 5-20 wt% range. Stoichiometric lanthanum phosphate, formed as nano fibrils during the precipitation reaction with orthophosphoric acid was subsequently transformed to nanorods of ~10 nm width and <100 nm length on peptization at pH 2. Zirconia dispersions were homogeneously incorporated as ultrafine particulates through zirconium oxychloride hydrolysis using ammonia. The nanocomposite precursor thus obtained could be densified to >98% TD for the LaPO4-10% ZrO2 composition on sintering at 1600 °C. The ZrO2 addition to LaPO4 impeded densification and grain growth inhibition up to 50% was obtained for LaPO4-20 wt% ZrO2 nanocomposites. Furthermore, the nanocomposites indicated very low thermal conductivity values (1 W/mK) compared to single phase LaPO4. The non-reactivity of LaPO4 and ZrO2 at high temperatures and the low thermal conductivity values of LaPO4-ZrO2 render them effective for high temperature thermal insulation applications.
Introduction
Lanthanum phosphate (LaPO 4 ), a major constituent of the family of rare earth phosphates, is considered as a potential high temperature material because of its excellent thermal phase stability, high melting temperature >1900 °C, 1 low thermal conductivity (3.61 W/mK at room temperature and 1.30 W/mK at 1000 °C), 2 chemical inertness, 3 reasonably low thermal expansion coefficient 4 and appreciable thermal shock resistance. 5 By virtue of the mentioned properties, LaPO 4 is often recommended for thermal insulation applications and is a candidate material for thermal barrier coatings. The control and maintenance of La:PO 4 stoichiometry during synthesis of LaPO 4 has been one of the pressing problems reported for its phase instability and limited utilization in high temperature applications. 6 Synthesis of LaPO 4 by the modified sol gel process has been very effective to overcome stoichiometry related issues and has thus been the preferred synthetic route for the synthesis and fabrication of lanthanum phosphate based ceramics for a variety of applications 7, 8 . LaPO 4 is widely investigated also as a suitable interphase as well as reinforcement material for ceramic matrix composites. 9, 10 LaPO 4 being a soft ceramic with hardness values less than 5 
Experimental

Results and Discussion
The stoichiometry of rare earth phosphates is one of the parameters essential for the usage of such materials for high temperature operations. One strategic solution to overcome Please do not adjust margins Please do not adjust margins 
Morphological studies
The TEM images obtained for the LaPO 4 -10 wt% ZrO 2 composite precursor (as precipitated) and powder (calcined at 800°C) are presented in Fig. 1 . The composite precursor is characterised by nanorods of LaPO 4 that are approximately 10 nm in width and more than 100 nm in length (Fig 1a) . The calcined precursor at 800 °C retained the nanorod morphology of LaPO 4 phase while ZrO 2 is seen as spherical particles of less than 10 nm diameter (Fig. 1b) . The EDAX spectrum of the calcined precursor (Fig. 1c) provided clear indication of the formation of the nanocomposite with peaks for La, P, O and Zr. The lattice spacing of the LaPO 4 and ZrO 2 phases in the composite was also measured and marked in the HRTEM image (Fig 1d) . The SAED pattern of the composite calcined at 800 °C ( monolith is presented in Fig. S1 and S2 for information.
Phase Identification
X-Ray Diffraction patterns presented in Fig. 2 large as 4 µm are formed. In the case of composites (Fig. 4 a-d) ultrafine zirconia particles are seen uniformly distributed along the grain boundaries.
As a result of such homogeneous distribution, the LaPO 4 grain size reduced considerably due to the addition of 5-20 wt% 25 The reduction in sintered grain size for composites with >98% TD will certainly improve the mechanical properties of the composite at higher temperatures.
Thermal Conductivity
Thermal behaviour of the composite samples are analysed using a laser flash technique, where an energy pulse heats one side of the sample pellet while the temperature increase on the rear as a result of the energy input with time is detected.
The change in thermal conductivity of the composite sample (LaPO 4 -10wt% ZrO 2 ) with respect to temperature is compared with that of monolithic LaPO 4 having same density (Fig 6) . addition. 26 Generally, for polycrystalline materials, the thermal conductivity is related to the phonon scattering generated by the grain boundaries. With increase in percentage of ZrO 2 , the grain size of the LaPO 4 -ZrO 2 nanocomposite decreased and consequently grain boundary area increased. Therefore, the decreasing thermal conductivity of nanocomposites was caused by increasing phonon scattering generated by lowering of grain size leading to an increase in the total grain boundary length 27 . 
